Abstract. We report the results of radio and X-ray observations of the high mass X-ray binary 2S 0114+650, made with the Giant Meterwave Radio Telescope and the Rossi X-ray Timing Explorer respectively. No emission was detected at radio wavelengths. The neutral hydrogen column density was found to vary over the orbital period, while no variability over the the super-orbital period was observed. We discuss the causes of the observed relationships and the implications for the underlying mechanisms.
INTRODUCTION
2S 0114+650 was discovered in X-rays in 1977, with the optical donor star LSI +65 • 010 being identified shortly after and classified as a B1 Ia supergiant at a distance of 7.0 ± 3.6 kpc [1] . This classification was recently verified through near infrared observations at the Mt Abu observatory [2] . The binary orbital period of 11.6 d was determined in X-rays using data from the All Sky Monitor (ASM) aboard the Rossi X-ray Timing Explorer (RXTE) [3] . An X-ray periodicity at ∼2.7 h was also confirmed and attributed to emission from a highly magnetised neutron star, one of the slowest known for an X-ray pulsar. The discovery of a 30.7 d super-orbital period in ASM data was recently reported [4] . This period has been stable over ∼8.5 yr making 2S 0114+650 the fourth Xray binary exhibiting a stable super-orbital modulation [5] . The underlying mechanism behind this modulation is yet to be determined.
Here we present the results of complementary radio and X-ray observations of 2S 0114+650 made with the Giant Meterwave Radio Telescope (GMRT) and the RXTE satellite.
RADIO OBSERVATIONS
Between 2005 January 3 -2005 February 20 we observed 2S 0114+650 with the GMRT near Pune, India. A total of 10 observations were performed at 240, 321, 618, 1276 and 1386 MHz each with 16 MHz bandwidth. The aim of these observations was to determine whether there is any detectable radio emission from this source and if so whether it is modulated over the spin, orbital or super-orbital periods. The data were reduced using the 31DEC04 version of AIPS and radio maps were produced. Due to the absence of sufficiently bright sources in the field of view self calibration could not be performed on the 1276 and 1386 MHZ images. The radio sources present in the field all coincide with known radio sources in the NVSS catalogue [6] . No radio emission was detected in any of the observed bands within the known vicinity of 2S 0114+650. The flux was corrected for the shape of the primary beam and the RMS noise measured for the area containing 2S 0114+650. The 3σ flux upper limits were thus determined. Significant interference was encountered in the 240 MHz band rendering channels 50 -128 unusable. Thus the 240 MHz limit is significantly higher than the value theoretically obtainable. Table 1 lists the 3σ flux upper limits for 2S 0114+650 for each of the frequency bands observed. . A 1% systematic error was added to the resulting spectrum to account for uncertainties in the response matrix. Spectral models were then fitted to the combined spectrum in the 3 -22 keV energy range using XSPEC v12.3. The best fit model was found to be an absorbed power law (N H = 2.9 ± 0.6 × 10 22 atoms cm −2 ; Photon Index = 1.0 ± 0.1) with a high-energy exponential cut-off (E CUT = 5.8 ± 0.5 keV; E FOLD = 14 ± 2 keV), yielding a model flux of 1.7103 × 10 −10 ergs cm −2 s −1 (Figure 1 ). Inclusion of an Fe Kα Gaussian emission line did not improve the fit significantly. No evidence was found of the ∼22 keV cyclotron absorption feature tentatively identified in INTEGRAL data by Bonning and Falanga [7] . Using the same method we extracted five phase resolved spectra separated by 0.2 phase bins over the 11.6 d orbital period. The same absorbed cut-off powerlaw model was fitted to each of the spectra and the neutral hydrogen column density was plotted against the orbital period ( Figure 2 ). The column density appears to be roughly anti-correlated with the orbital period. The same phase resolved spectral analysis was repeated over the 30.7 d super-orbital period. No variability in the column density was found over the super-orbital period (Figure 2 ). Migliari and Fender [8] have demonstrated a correlation in neutron star X-ray binaries between the X-ray (2-10 keV) and radio (8.5 GHz) luminosity. If their value for the radio luminosity is extrapolated to 1.38 GHz assuming either a synchrotron power law or a flat spectrum, their predicted flux for 2S 0114+650 is more than a magnitude higher than our observed upper limit with the GMRT. Jet formation, which is linked to radio emission, may well be suppressed in 2S 0114+650 by the high neutron star magnetic field. Furthermore, an accretion disc may not exist in this source. The observed variability of the neutral hydrogen column density over the orbital period indicates that variable absorption is the mechanism behind the orbital modulation, as expected. A lack of variability in the column density over the super-orbital period indicates that this modulation is due to a different mechanism, precluding variable absorption by a warped, precessing accretion disc as the cause of the super-orbital modulation.
DISCUSSION

